A histological survey was conducted on 604 pairs of adrenal glands from yellow (Papio cynocephalus) and olive (Papio anubis) baboons used in drug safety evaluation studies. Spontaneous lesions were found in 372 glands-34 of which had more than one change. Cortical lesions consisted of accessory nodules ( 190), nodular hyperplasia (7), hepatoadrenal adhesion (1 8) and partial fusion (I), focal mineralization (20), ectopic bone marrow (6), and focal fatty change (60). Medullary lesions were confined to focal lymphocytic (66) and plasma cell ( I ) infiltrates.
In recent years the baboon has been used increasingly in medical research as an alternative to the formerly ubiquitous rhesus monkey. There is relatively little comprehensive information in the literature on spontaneous lesions of the baboon. The incidence of adrenal gland lesions in a series of baboons, encountered during the course of drug safety studies, is reported. Since all the different lesions occurred in both untreated control and treated baboons, they were considered to be of spontaneous origin.
Materials and Methods
The baboons were from an accredited commercial supplier, Shamrock Farms (Great Britain) Ltd, [Victoria House, Small Dole, Henfield, Sussex, UK]. They were of East African origin and either yellow baboons (Papio cynocephalus) or olive baboons (Papio anubis).
On arrival in the unit, baboons were commonly within a weight range of 3 to 4 kg. An age range of 19 to 24 months was estimated by examination of the teeth." Baboons were maintained in a carefully controlled environment at a temperature of 20°C f 2°C at a relative humidity of 65 to 75%. They were fed 250 g of a proprietary laboratory diet daily (Mazuri Primate diet, SQC, Special Diet Services Ltd., Witham, Essex, UK) together with half an apple. Vitamin C was given as ascorbic acid tablets at 50 mg three times weekly with tap water freely available from individual automatic watering points.
After the end of the studies during which 121 control baboons received either no treatment or inert vehicle ( i e . , physiological saline or placebo) and 483 treated baboons received one of a variety of treatments comprised of either beta-blockers, anti-inflammatory or neuroleptic drugs, all baboons were exsanguinated following intravenous barbiturate anesthesia.
After dissection, both adrenal glands were carefully trimmed and weighed. They then were halved before fixation, one half was placed into Bouin's solution and the other half into 10% neutral buffered formalin. Blocks were embedded in paraffin, sectioned at 5 pm, and routinely stained with hematoxylin and eosin (HE). Selected sections were stained by Perls', von Kossa's, alizarin red, and periodic acid-Schiff (PAS) methods. Frozen sections of formalin-fixed tissue were stained by Sudan IV.
Results
Both adrenal glands were examined from all 604 baboons. There were no gross adrenal gland abnormalities observed during necropsies. Histological changes observed are shown in table I.
The most common finding was the presence of accessory nodules in different positions related to the outer cortex of the gland (fig 1) . Some nodules were seen outside the body of the gland but were close enough for the capsules to be connected. Others, still encapsulated, were wholly separated from the main adrenal gland but were within the adjacent connective and adipose tissue. These were often multiple (fig. l), and they were smaller than nodules nearer to the main gland. Accessory nodules usually contained cells representative of the three zones of the adrenal cortex, but not all zones were present in every nodule ( fig. 2) .
A unilateral focus of medullary cells was found only in one male; this probably represented the organ of Zuckerkandl. Ectopic adrenal tissue was found adjacent to or within the kidney during microscopical examination either immediately in the renal capsule ( fig. 3) , adjacent to the lateral renal border, o r near the hilus. 
A few ectopic foci have been large enough to be reported at necropsy as raised, pale focal renal cortical lesions of various sizes.20 All ectopic adrenal tissue was unilateral. All zones of the adrenal cortex were seen in the ectopic foci, but no medullary cells were found. Eight examples of nodular cortical hyperplasia were seen as unencapsulated foci of enlarged zona fasciculata cells in the outer zona fasciculata and adjacent to the zona glomerulosa ( fig. 4 ).
Nineteen cases of close apposition of adrenal and hepatic tissues were found; 18 were considered to be hepatoadrenal adhesion and one was hepatoadrenal fusion. The capsule of the right lobe of the liver was often found connected to that of the right adrenal gland at necropsy; 18 cases were found during microscopy where a portion of liver that contained histologically normal hepatocytes, portal tracts, and central veins was present on or in the body of an adrenal gland. The liver sometimes was attached to the capsule but in others the liver segment passed into the adrenal gland as far as the cortico-medullary junction. Such segments were commonly wedge-shaped and since they presented a clearly defined boundary between liver and adrenal tissues, they were considered to be examples of adhesion At necropsy, the right gland was unremarkable but after sectioning one pole was darker and did not have the usual definition between cortex and medulla. The darker area measured 3 x 5 mm in the gland that was 14 x 4 mm overall. Microscopic examination con- firmed the darker area to be liver tissue with an adrenal capsule around most of the gland; it was thicker and stopped where the liver tissue began. There were two major differences from previous cases of adhesion. There was clear demarcation at most points of contact between the two tissues, but at the lower pole of the adrenal gland, several small nests of hepatocytes were found within the zona fasciculata. In addition, the sinusoids in both liver and adrenal tissue were dilated; this suggested a shared vascular connection ( fig. 6 ).
Hepatocytes and cells of the adrenal cortex appeared normal and the other adrenal gland was unremarkable.
Four female and two male baboons had unilateral foci of ectopic bone marrow located at the corticomedullary junction. Erythroid and myeloid cells were present with megakaryocytes and hemosiderin-containing macrophages ( fig. 7 ) .
Irregular amorphous acellular mineral deposits often were found within the gland at the cortico-medullary junction ( fig. 8) . The twenty examples recorded had a higher incidence in male baboons. No inflammatory reaction was found in any instance, but various amounts of fibrous tissue surrounded the deposits. Deposits varied in size and number from large solitary areas to smaller, more numerous foci. Positive reactions were achieved with both von Kossa's and alizarin red stains.
Vacuolated cells in the inner cortex were found in 60 baboons (25 males, 35 females). They often were bilateral and commonly differed in extent between the two glands. The vacuoles were discrete oval or round; they displaced the nucleus and were usually in the cells of the zona reticularis (fig. 9& They were clearly visible in routine stained HE sections and were positive for lipids when stained with Sudan IV.
Small interstitial lymphocytic infiltrates were frequently seen in the medulla-67 cases have been recorded (28 males, 39 females). Infiltrates were focal, usually single, and unilateral. A solitary focus of plasma cells was found in only one female baboon.
Discussion
There are three surveys of spontaneous lesions of the baboon which include observations on the adrenal glands,'*- 15, 24 and all have been conducted on the chacma baboon (Pupio ursinus). This species is seldom encountered in the laboratory in the UK, and only occasional references are available on adrenal gland lesions in species other than the chacma b a b o~n . '~.~~ Hence, this report is the first survey of spontaneous The shape of primate adrenal glands varies widely among different species6 and different planes of histological sectioning could produce the spurious impression of accessory nodules in close apposition to the zona glomerulosa when anatomically they were part of the proper cortex.
Accessory adrenal nodules are common in many animal species,'.', '' particularly in older animals.'' They were found in chacma baboon^'^ with a reported higher incidence in older males.I2 They were also com- Fig. 7 : Ectopic bone and bone marrow at cortico-medullary junction. HE. Fig. 8 : Focal mineralization at cortico-medullary junction. HE. tissue may be found in a wide range of sites. A focus was found in the liver of a human neonate; the main adrenal glands had no abnormality in position, size, or histologic a p p e a r a n~e .~~ Other sites in man and animals include any structure below the diaphragm-particu-larly the male and female reproductive tracts where those in the testes in man can mimic gonadal turn or^.^ They have also been found in the lungs and eleventh cranial nerve. 23 The cases of hepatoadrenal adhesion and the single case of partial fusion are the first examples recorded in the baboon. In man and chimpanzee (Pun spp) the adrenals normally cap the kidneys, but in baboons (Papio spp) there is usually a narrow but distinct separation. Also, the right kidney is situated more cranially in baboons than in man or the chimpanzee.22 The incomplete and thickened capsule of the medial side of the adrenal gland in the baboon which had fusion in this study, suggested that it might have been continuous with the right lobe of the liver. In the examples of adhesion, the area where the liver tissue penetrated the adrenal gland often contained a large blood vessel. No evidence of inflammatory change was seen in any instance. They were all, therefore, considered to be congenital lesions that resulted from some disturbance of the retroperitoneal mesenchyme during encapsulation of the organs. Hepatoadrenal adhesion is uncommon in man and a rare variation which included adrenorenal fusion has been reported in a middle-aged diabetic human female.'
The earliest reference to the presence of bone in the adrenal glands in a primate was to a unilateral focus in a rhesus monkey. It was described as ectopic bone, present within the medulla, but it extended into the cortex and consisted of periosteum, osteoclasts, and bone marrow that formed a structure typical of cancellous bone. The remainder of the gland was histologically normal." Another single deposit was found after examination of several hundred rhesus adrenal glands and was again unilateral."
Calcification of the adrenal gland has been reported in several species including the cat, dog and rhesus monkey.'.'' The incidence varies between species: 30% in cats and less than 6% in dogs,' and 50% in rhesus monkeys.]' Calcification of the adrenal gland in man is found in the medulla in old age but is relatively uncommon.
2'
A survey in three primate species yielded incidences of 52.6% in rhesus, 4.7% in cynomolgus, and 2.4% in bab00ns.l~ Two cases of "psammomatous bodies at the cortico-medullary junction" were included in a survey of adrenal gland lesions of 160 chacma baboons (Papio ursinus) with an additional focus of calcification and hemosiderin at the site of a previous hem01-rhage.I~ A deposit of calcium large enough to be noted macro-scopically was found during a field survey of wild chacma baboons. The etiology of adrenal calcification in monkeys has not been established, but stress has been suggested as a disposing factor. 25 The presence of small interstitial infiltrates of lymphocytic cells within the adrenal medulla was common in female baboons. Similar infiltrates have been noted in the adrenal glands of chacma baboons,I2 and like those in this study, were probably reflections of a general lymphoid response since lymphoid infiltrates were also present in other tissues-especially the liver, heart, kidneys, and salivary gland.20 Similar observations have been reported in man.*'
The range of spontaneous changes reported in this study will provide a perspective against which changes caused by toxicological and other experimental procedures may be more confidently and accurately assessed. The maximum benefit from the use of a valuable primate species may thus be obtained.
